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Abstract of WO0240404 

A lithium-containing composite oxide, characterized in 
that it has a composition represented by the general 
formula: Li1+x+ alpha Ni(1-x-y+ delta )/2Mn(1-x-y- 
delta )/2 My02, wherein 0 <= x <= 0.05, -0.05 <= x + 
alpha <= 0.05 and 0 <= y <= 0.4, and 0.1 <= delta <= 
0.1 (when 0 <= y <= 0.2) or 0.24 <= delta <= 0.24 
(when 0.2 < y <= 0.4), and M is one or more elements 
selected from the group consisting of Ti, Cr, Fe, Co, 
Cu, Zn, AI. Ge and Sn; and a nonaqueous secondary 
cell having a positive electrode using the lithium- 
containing composite oxide as an active material. The 
lithium-containing composite oxide has a stable layer 
crystal structure and a high density, and thus can be 
used for manufacturing a nonaqueous secondary cell 
which is excellent in the reversibility of charge and 
discharge and in durability and exhibits a high capacity. 
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(57) Abstract: A lithium-containing composite oxide, characterized in that it has a composition represented by the general formula: 
Lii-ht+aNi (] . x . y+< y V2 Mn {1 . x . y . < yy 2 M y G 2 , wherein 0 ^ x S 0.05, -0.05 g x + Of ^ 0.05 and 0 ^ y g 0.4, and 0.1 ^ 6 g 0.1 (when 
0 ^ y ^ 0.2) or 0.24 ^ d ^ 0.24 (when 0.2 < y ^ 0.4), and M is one or more elements selected from the group consisting of 
Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn; and a nonaqueous secondary cell having a positive electrode using the lithium-containing 
composite oxide as an active material. The lithium-containing 
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composite oxide has a stable layer crystal structure and a high density, and thus can be used for manufacturing a nonaqueous sec- 
ondary cell which is excellent in the reversibility of charge and discharge and in durability and exhibits a high capacity. 

(57) 

— HS^L ii + x + 0 Ni (i- x - y + fi)/ 2 Mn (1 _ x _ y _ d)/2 M y 0 2 C 
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Tfc, Z\Z*)mmT&<DV-?V&*?>ti>M4bVST!$>ZL i 2 Mn 4 0 9 
> Li 4 Mn 5 0 12 , L i Mn 2 0 4 &£#*&@ £nT£ ®\ZL 1 M 

^s, mk\zm$twfit>nx^z> (»w¥6 - 7 6 8 2 4^«, $bb 

5 ¥7-73883 7-230802 7 - 

2 4 5 1 0 6-S|&fB&£) o 
£Z\Z~T:\ L i C o0 2 ©IMl^Itt2 7 4mAh/gT^5^ 

10 U 1 2 5~ 1 4 0mAh/gOiltt§, 

Cint*fbT, L i Mn 2 0 4 (DSM«^*te 1 4 8 mAh/gT 

col iMn-jO^L 1 c o o 2 tmm\z%i&m*\zffimik* 
mz.v, %tc, MMm'MMfcmmmmz&mvfcm&izu, &%mt 
n(Dyf-^mmm^^^^r^b\z, mmzmmthrcm^izmmr^^m 

15 i^l«9 0~ 1 0 5mAh/giICi/l>lTbS$o Z<DZ.tfrb 
t>Bje>fr&J;d fc, Li M n 2 O 4 ^IE@^#lM <h LTf 
tt, L i Co0 2 £MM®<hLT$ffl-f-£:!§£J;i9 

ifc>LiCoO 2 0|^I^4. 9~5. lg/cm 3 T^©t 
20 *1L, LlMn,O 4 ©WSH;4.'0-4. 2 g / c m 3 tfrft 0 

T«> 5fe;§ft1t tip \Z & \~f Z> L i Mn 2 O 4 g#:0#£3§^^ > T?&3£:i6 

Z.(D&Dfcfflm*B&i'tZ>fc#)\Z, L 1 Mn 2 0 4 <h«M&3$ti§£ 
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t?Z>$lM%nt)ftT^Z> B £z\ZW, *%W%P>&£;<DWLfcmzi>\,* 

fl&fcT X t!^;i/SU9 : -^AT>^>mfbtl (LiMn 2 0 4 ) ©I 
&#g»L.T, M n (D¥%m$fcW 3 fa-fcifi^fctl^ ±fBBI{fc;«>®*S 

Sfc, L i tMn©fi|^^;i/Jt (L i /Mn) £ 1 tUft*^tH 
15 3|©Mn ^ct^>1 7 -> • T7-^*©fcJe>fc» LiMn0 2 ©^H$§ 

Z\<Dik^m (L i Mn0 2 ) tt, Li *Jt#0 ~ 1 . 0 CDSBHT®^, 
fc¥Wfcftifc*#HrflBTfc0, Ii±(^2 8 5raAh/g©f|^l 

&&<D%mnmm*mfczTeft**ti£ft'cfai<* 3. 5v#±©«jbe 

3 



WO 02/40404 



PCT/JPOl/09967 



io § 0 

ffcfc*, *»^©u^»>A*#*^«n;«tt, -flgiSL i 1 + x + a 

Ni ci-x-y + fl) / 2 Mn (1 _ x _ y _ a) /2 M y 0 2 [fc£U O^x^O. 
05, - 0. 0 5£x+a£0. 0*5, 0^y^0.4TfeD, -0.1^ 
(5^0.1 (fcfcb, 0^y^0.2©<h£) S/ctt- 0. 2 4^ 5^ 0. 
15 2 4 (fcfc'l/, 0. 2<y^0. 4©tfr) TSoT, MttTi, Cr 
, Fe, Co, Cu, Zn, A 1 , G e &<J:tfs n ^ 6» fc*8rt> SiliR 

+ x + «N i ( ! _ x _ y + ff ) / 2 M n ( i - x - y - « ) / 2 M y O 2 [fc/cb, 0^x 
20 ^ 0.0 5, - 0.0 5^x + a^0.05, 0^y^0.4T&D, - 0 
.1^(5^0.1 (&j£U 0^y^0.2©££) £&«-0. 2 4 ^ <5 
^0.24 (fcfcL, 0.. 2<y^0.4©tf) t^oT, MttT i , 
Cr, Fe, Co, Cu, Zn, Al, G e &J;tfS nfr 6 

25 ®Hb#J©§^#&T&oT, '>&< tfeN i £«fctfMn&$/£7n^£b 
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)/2 M y 0 2 (fcfc'U 0^x^0.05, - 0 . 0 5 ^ x + a ^ 0 . 0 5 
5 , 0^y^0.4T&D> -0.1£«£0.1 (fetch , 0^y^0.2 
<Dt£) (yfc^b, 0 . 2<y^ 0. 4 

<Dt%) T&oT, MttT i , Cr, Fe, Co, Cu, Zn, Al, 

g e &£tfsnfrt>t£Z>ffifrt>mn?$nt£ 1 @^±0tc^] Testis 

10 

15 ®#rA°^->£^TI2lT&;5„ 

HI 3 tt, *§PJ<D^#!l 9 T&J&btc U 9^ A^*£»ft;to0X« 

06ft *5S^0HJfiMl, ^JS0il6, ^Jfi^J8» lttt«'l*«k^Jt 
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/2 Mn (1 _ x _ y _ a) /2 M y 0 2 [fetch, 0^x^0,05, -0.05 
+ 0^y^0.4T&D, -0.1^<5^0.1 (fcfc 

5 U 0 ^y^ 0 . 2 <D£g) $ » - 0 . 2 4 ^ (5 ^ 0 . 2 4 (fc£U 
0. 2<y^O.40i^) T^T, MttTi, Cr, Fe, Co, 
Cu, Zn, Al, Ge£J;i;Sn#&fc*a^&»ft;£tt&l«U: 
T^StU M< ifeN i iMn§M7C$iLT^tl/, ^ 
"3, Ni tMnCl^l : 1 £<K&nfc 

15 TOTtStV^^IMCS. ^(Dtz®, Mn©«£4#H;ijfi^ 
mt-T 4^fi3^*5*«, 4«©Mn©§iJ£i^;l£K:bfc#n>, Xtf* 

#f§BJ#£>ft, ±Bi|jBfc;#bTtt, L i Mn0 8 fcL i fc»*Jfc£ 
20 ^$i*TMn©¥^M£;*:£<T LiMn0 2 CMn$, 1$ 

&£Tfiirr5££#w$^&st#;^ l i omit,' m&7t% vnm 

^•©^H, N i tMnQmittf, 1/2 : 1/2, tfct>% 1 : It 

N i *WMn^^nx/2 > foL i Tfi^^n, NitMn©! 
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"©*Jt#afc*ttfi&£U Ni^Mn^n^ny/2f , 3 
7C^M (fc/cb, M&T i , Cr, Fe, Co> C u, Zn, Al, G 

e*«fctf S n*6&*»J;Dafc3nfc 1«K±©tg») Tfi^Sftfc 
5 ffcCt)^, -*$25$L i 1 + x + 0 Ni (1 _ x _ y + fl)/2 Mn (1 _ x _ y _ a 

)/2 M y 0 2 [fc/fU 0^x^ 0.0 5, -0. 0-5£x+a£0. 0 5 
, O^y^O. 4T^0, -0. 1^(5^0. 1 (fc£U 0^y^0.2 
©£#) $&tt-0.24^fl^0.24 (fciEU 0. 2<y^0.4 
Otf) T^T, MttTI, Cr, Fe, Co, Cu, Zn> Al, 
10 . Ge*«fctfSnj&>Sfc5#rt>&aii[3n&l«R±©ro*) T^$n& 

(*«fc*3. 3-4 ffi) MiTCL i © F-^fcitflB 

20 (xas) teJ;D»j£k;fc«£;8n&. 

tofcX*®0f8l£&fir "5i, 0^f^2 0^18° f?fjfifc«fctf4 4° 
25 LiNi0 2 © (003) (10 4) ©BtffcT-? teffiS 
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Hfc-tts (10 8) fc«kEMl 1 0)'"©lsltf£-£fcffi£f 5 2*0® 
8r ■£©Is!$Tife*<->ttL i N i 0 2 £|W]$©# 

it & 1 1" 3 m-ffl 0 G&fc m t? * § £ t # to ^ o & . 

SSfc, 0^A o ^->^i¥ilfflH^f>ftrc^^, ±131 8° tfififccktf 

■fctfl ntbftt%\Z. *©JtI 44 /I 18 #t, 0. 9<I 44 /I 18 
£1. 2 (fcfcU O^y^O. 2Ctf) , £fc«0. 7^I 44 /I 
18 ^1 (£fcU 0. 2<y3S0.4©i£) T&D, frZ)* ±IB6 3 
0 - 6 6° ©ttBfcifc* 2*0|HIt t!-f ©IbUt^I (2 a) ©|ea*t 
10 , 0. 3° ^0 a^O. 6° (fc£U 0^y^0.2©t§) , Sfc 
ft 0 ■. 55 s ^fia^0. 75° (fc£ U 0 . 2<y^O.40i^ 

3t*Wt-§L i Mn 2 0 4 i:|W]iifc, 4 V#ifi©iffiMT©M«^ 
15 nJ$gT*tK «£*©iE*fl&<»fn?*§L i Co0 2 ©ftfilTffflt 

5 5 - 4. 9 5 g /cm 3 ifSV>#fctX*;P^-ffim 
20 #*£Rft;*©*?&gtt, *©&&££&:*;£< 3^1*5)^ ±fB©^ 

fc\ {b#*^JtC3a^m^©<h^(i±^^Mi:fj;D, -0.0 1-5£x 
+ 0 . 0 1 5 fc*V>T, &J;^-4. 7 g / c m 3 ^±©iS^J^1g-& 
25 iKb%<h&3£<h#tofrofc. 

±j£Lfc<k'5fc:, #8W©U^£A^«£lfe<b&«, lin 
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i T/2 Mn 1/2 O- 2 0j;5fc> Ni'iMn^l : 1 ttl^tm^^t 
bTV>3^\ %b\zWM\zM$tM£'tT"2lZt<16, Ni, Mn^J;^ 
MWSJfcflU : 1 : 1 T&fr-S-flSiSL i N i 1/3 Mn 1 

/3 M 1/3 0 2 T^§ny= 1/3 t^Sm^^ifi^fc^^T, ft\Z&n 

±b3— jUS^L i 1 + x + a N i (i- x - y + a)/ 2 Mn u-x- y -e)/2 M y 0 
2 (fcfiL, MKT i , Cr, Fe, Co, Cu, Zn, Al, G e £ 
<ktfS nj&>6fc5P<k0»iR£ft& 1 «&±c7)7nf!t) fc&V^T, O^y 
^0. 2 N i <hM n ©itit©1f tl (5/2) «/Jn$V^ 

10 fibjfcttgStlftV^ o. 2<y^0. 4©M$g0T&, 

n ©«jt©rn#*s < & o t*> g wtrs u am*^*^** 

15 0. 2<y^0.4Ottfcttv 3©tD#5«Bi*J-0.2 4^3^0 
. 2 4 &5©TS£. 

0. 2<y^0. 4 0ifi^lBfflfC*^Ttt, 0^y^0.2© 

20 o. 2<y^ o. 4<Dmi&mm\z&^T : £<on®m\t$>& j t4. 7 

5-4. 95g/cm 3 T$50C*fb, 0 ^ y ^ 0 . 2 ©fflj$46 ffl \Z 
&^T*QM%m\t&& : t4. 5 5-4. 7 4 g/cm 3 T^. 

ce:T?> y©±ISffi-S0. 4£Lfc©«, y>0. 4©M, Tfcb 
^TciMTOfli^O. 4J;D^<&3£, gift £T3^'&iHb^'*' 
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mz, #fFj£3 0 6 4 6 5 5#&SK 9 - 1 9 9 1 2 7 

1 0 - 6 9 9 1 0 ftH 2000-2 9 4242 ^'AWs 

20 z\n*L l®4b£®b#\zmi&?%z\t\z&i)* WttotoM 

&Kjfo\z&^Tmm&m7uMtfi%-\zfrttv, w-twwmm^itz 
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bT#&n*^*^i!*fflVin««k<, N i o. 5 Mn 0 . 5 (OH) 2 
, N i M n 2 O 4 , N i o, 5 Mn 0> 6 OOHft£> N i iMn©|[{tl|J 

(MttTi, Cr, Fe, Co, Cu, Zn, Al> Ge&<£££Sn^ 

R{b4&ft-£jfcT5*£K:«, £!>&< thN i ^i^MnSttfl^ 

A, ti'J^^A, JMtU^tfA, ffiftU^A, ^X>$MJ5^£> 
yyikV^VA. aVikV^OA, HJftU^tfA, ^aDSU^^A, 

25 ££^7 0 0- 1 1 0 0ttl~2 4I^Mtt^*r*C:i:K:«fc0» 
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S^Dfe, V^fc^&$§ft"&J;0fe&l>il]g (&J^2 5 0 - 8 5 ox; 

fcmwLm\zftmbTKfc*Mft2#%ztwiit$:VK. zn\t, 
5 <DV^?&^m%£rmm<D$Lj$,Mm\z&^Tn, LioMtw 

< t h N i &cktfMn £$/&7Gfif £ bT^^^^b^titO^^^ 

io x^t$m&ik&wt^mw\zmnmm&T»fcj&VTb%^. zn\z& 
15 cMissns&^Tte&v^, jtsr, o. 5-3 of^r B ifimTffx.«j: 
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Itnc^lfS^ 1-5 dm 3 /#^£D$?£bV>, #X»E;t# 
, Mn 2 0 3 ^L i 2 Mn0 3 fc£©*fflil)&*£$b^T<fc£. 

*^I/>:?7y*fc£©iS*l&a!l£:, # U r h 5 7)V*ux?U>. # 
©**/flV>«j&>, WS&S#£bT©fM!£ftfc5S#K:&ffi3:fc 

15 

^3 05IS#*3&£b'*»*n>. b^U «^fc2!M$K:£n5U^£A^r3 

/t;i/h»^**s^bTfflVi«jit«tr)\ ±.mn&&Tmmzn, n 

lift LiCoO^i, C o©— fiS*tt©7C*, -W^LtfN i Tiltt 
25 bfcL i'COj.tN i t O 2 l4£0ft^ , bl^5:t^5. H ©. 

U^^A^^n;t;i/hm^t;©fJ^^^< Ltfst, K9LJG C ]K 
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5 bid Li-Al^, Li-PbM, Li-In^, Li-G 
a£&fc£©U^£A£&^ Si, Sn,Mg-Si^M^ U5 1 

\mmm<om^ M^mim^mt^^ (Damnum, u^*a** 

CO MM) =1. 5-3. 5 tT3ii£te:ckD> ±flBU 

©MS) =4-7 t*r 50#3*uv>. 
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20 ifHtt^^eiJ, 4 0M%TOWtK, 3 0#i%^T 

*.fc£\ 1, 2-v^b^>'X^>, 1, fh7t F 
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%m®mfc®ffitsvz>nmntbTfc, Li-c io 4 , li 

P F 6 , LJrBF 4 > L i As F 6 , L i S b F 6 > L i C F 3 S 0 3 > L 
iC 4 F 9 S0 3 , LiCF 3 C0 2 , Li 2 C 2 F 4 (S0 3 ) 2 > LiN 
(CF 3 S0 2 ) 2 , LiC (CF 3 S0 2 ) 3 , L i C n F 2n + 1 SO- 3 ( 
5 n^2) fcEtfm&T*&fc\$2M£k±m&LT®^t>?LZ> 0 & 

firfcjsMnwmmznzL iPF^n c 4 F 9 so 3 ^w^b 

0. 3~1. 7mo 1/dm 3 , #1:0. 4~1. 5mol 
(ftttffl i ) 

t^-TtK^js&u cn&®fll#bfcat£,, co^fcttK-yirji' 
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£«kt^®Y>#>£^n^ft lmo 1 /dm 3 "f?^tZ>M&7m 
&k&2 5^*%CD7> ; &n77jc^^n^n4 6 c m 3 /ftte\ktf 
3. 3 cm 3 /^0lJ^i^>^ffl^TiTl, NiiMnO* 
&te£#l££$£-1i-fco .:<5tt, RJ&ll!!0iStt5O' , Cl:«|$b, S 
5 M©pHWl 2#iaiC|*#$tl*J;3fc, 3. 2mol/d 

& l dmV^0il^-^l/a*t6Rjfi:St&. 
#&*lfc£jEft#J&7K$fe* Jtift£«fc NiiMn^l : 1© 

10 g*-&T^WT5*Kfc#l£U £-©7|cBflS*0. 2radli, 0. 19 
8mo 1 <DL i OH • H 2 Ot£MU ^(DU^% J -;>T# 

^^tAtl, 1 dmVM|»T8 0 CCSTTJBfl&U ^©iS 
15 «T?2I^M««F-r*Ci:te«ke) ; P«lllOS»StfV^ 0 0 Ott#. 

20 3> L i o. 9g N i o. s Mn 0 . 5 0 2 T^$n§MT*5C t&t>fr*D 

-hSffl^T, Mn©X«lKiK$Hfe (XAS) fcfrofc. #6>nfcx- 
^<E>^#rte> [Journal of the Electrochemical Society, 146 p2 
25 799-2809 (1999)] tS^'t, #Mft77h "REX" 
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mD->7)ltbT, MnO- 2 #<fctfL i N i 0 . 5 Mn u 5 0 4 

^nmm^4m(DMn*^t%fc&mtLT<Dm^>7)v) > lim 

n 2 0 4 (¥*9ttft#3.' 5^5(DMn^Wf Zfc&^t LT<DmW> 
y;W , L i M n O 2 43 «fctKMn 2 O 3 (t'^^W«W3i©Mn 

±IBft;«&«©MnOK!RiK«(a:**«, Mn0 2 *i«L iN i ,. 5 Mn 

10 n©¥^««tt£&4fli£jfc*ofc. 

N i fcO^Kt 3M±ON i &GtZWWVr>7)]st LTjl^ft 

fr<otctf, ^mW2mON i £#T5ft;£^T&5N i O^cktfL 
i N i 0 5 M n ! _ 5 O 4 t K ftttttttftftf g£H UTfe o fc C £ ^ & , 
15 ±|Bfb£«ON i 2 «T Sn&. 

(*«tt2) 

Il^J 1 tmmzLT&f&LrzN i £Mn £ 1 : 1 ©fRI^T^T* 
zKHtfctoO'. 198molt, 0. 2O2mol0LiOH-H 2 Oi 

&nmh, urmmmi tmm\zvxh iL01Nio.495Mno.4g5 
mmm 3 ) 

nnmi tmmizbx^^LtcN i tun% 1 : 1 ©w^T-g^ri-a 

zMtfM&O. 196molt, 0. 2 0 4mo 10LiOH-H,Oi 
^iU KT5I*«1 tP9»fcl/TL 1 a . 02 N i 0 . 49 Mn 0 . 49 0 

(»J4) . 
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7rt^#) 0 . 19 4molt, 0. 2 0 6molOLiOH-H 2 Ot 
Sff*U KT*ltflliR#fcl/TL i i. 03 N i o. 4 8 5 Mn 0 . 485 

5 (mmms) 

TRRftfoO. 19 2molt, 0. 2 0 8molOLiOH'H ! Ot 
fcffMU ^T^Jfi^l i:0«fcl>tL i !. 04 N i o. 48 Mn 0 . 48 0 

10 (£JS0!I6) 

gfflffll iEIEfcKlUT^ffcl/fcN i iMn§l : 1 ©fJ'&T'Mrf 5 
zKBgfb&O. 19molt, 0. 2 1mol'©LiOH-H 2 Ot*ff 

su ^rmmmi tmmzvxL i K 05 n 1 0 . 4 7 5 Mn 0 . 4 7 5 o 2 
15 (mmmD 

WtM-ytrJV,. >#>fc kTfWftkn n )]/ V £*tt-£n 0 . 9m 
ol/dra 3 , 0 . 9mo 1 /dm 3 £J;tfO . 2 m o 1 / d m 3 <DW\& 

i, Mn^«t«CoS4. 5:4. 5 : 1 ©fiJ£T^f 
20 %tzo ZkTmffiWl tmm\zVXL i 0 . 99 N i 0:48 Mn 0 . 45 Co 0 .- 

mo]/dm\ 0. 7 5 m o 1 / d m 3 & <kZ$ 0 . 5mol/dm 3 C0 

25 m&rs^r zm&fcmm&ffir ^rcz: tumtmmm 1 tmrn^uT 

, L i o. 99 N i 0 . 3 7 5 Mn 0 . 3 7 5 Co 0 . 2 5 O 2 T^£ ft£ U ^£ 
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($2*09 9) 

mol/dm 3 , 0. 6 6 m o 1 / d m 3 *3 <ktf 0 . 66mol/dm 3 
^> L i o. 99N i 0. 34Mn 0 , 33^0,), 33 

• ($Ji^j 10) 

10 ol/dm 3 , 0. 6mol/dm^J;tfO. 8 m o 1 / d m 3 

io.99Nio.3Mno.3Coo. 4 o 2 xmznz> v^o &^GmGmfc 
(jt«t«i 1 ) 

15 0. 2mol©LiOH-H 2 Oi, 0. 2 m o 1 ©MnOOHtl; 
$tI©§oSCAtl, 1 dmVM|^^T4 5 OtT 1 0 R# 

J$bfc 0 

20 (Jt««2) 

mmmi tmmizLx^f^brcN i tMn^i : 1 

7jcBt<b^0. 1.8 mo It, 0. 22mol©LiOH-H 2 0^ff 
fib, RTHJfi^Jl tliClTL i ,', jN i 0 . 45 Mn 0 . 46 O a T^ 

25 atmn) 
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ol/dm 3 , 0. 5 mo 1 / d m 3 £ <fc-tf 1 mo 1 / d m 3 ©fiJ^T^ 

. 99 N i o. 25 Mn 0 . 25 Co 0 . 6 0 2 ^$n§'J?^A^tI^ 

5 (JtlfcfH)- 

ll^^ik iiv^^iMI^A'iH^^no. 4m 
ol/dm 3 , 0. 4mo 1 /dm 3 ^J:lKl . 2 m o 1 / d m 3 0)%!% 

i o. 99 N i o. 2 Mn 0 . 2 C o 0 . 6 0 2 TS£nS'J^A^:fr3g£Mte 

Mn^^j;M7>^>^^nfno. 5mo 1 /dm 3 & 
1. 5mo 1 /dm^m&X^Tzm&ymmZMTLfcZt 

&,mtmmmi tmmizLr. Li 0 . H Ni 0 . 25 Mn 0 . 75 o 2 Ti 

2mol/dm 3 , 0. 6 m o 1 / d m 3 1 b tc Z. t SmttmMM 7 t 
mm\ZLX, Li 0 . 99 Ni 0 . 6 Mn 0 . 3 Co 0 . j O 2 T^£tl3 U ^£ 

0. 2mo lOLiOH-HjOi, 0. lmo 10Ni (OH) 2 
ts 0. Imo KDMnOOHt^ffiU, lII^-J^il/T3 0^ 

25 mm&LTM&^tVs :n§7;Htio§^gian, so or© 
q^^t-i o wi®§$u l i n i 0 . 5 Mn 0 . s o 2 oia^T^$n§ 
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mi 





fflfifc [L i 1 + x + 0 Ni (1 _ x _ y + a)/2 Mn (i- x - y -j) /2M V 0 2 ] 




X 


x + a 


y 


6 


nmm i 


L 1 o. 99N i 0. 6 Mn 0 . 5 0 2 


0 


-0.01 


0 


0 




L i 1. 01N i 0. 49sMn„, 4 9 6 0 2 


0.01 


0.01 


0 


0 




L i !. 02N i 0. 49 Mn 0 . 49 0 2 


0.02 


0.02 


0 


0 




L i 1. 03 N 1 0. 4 8 6 Mn 0 , 4 8 5 0 2 


0.03 


0.03 


0 


0 




L i 1. <mN i o. 48 Mn 0 . 48 0 2 


0.04 


0.04 


0 


0 




J -' x 1. 0 5 n 1 0. 4 7 5 1VUA 0 . 4 7 5 u 2 




u. uo 


n 


u 




A 0. 9 9 n *■ 0. 4 5 m a 0 . 4 5 ^ ^ 0 

. iO, 


0 


-0.01 


0. 1 


0 


mmm 8 


*-* 1 0. 9 9 ,N A 0 . 3 7 5 1V1 11 0 , 375^ 

0 0. 2 5 0 2 


0 


-0.01 


0.25 


0 




L i 0. 99N i 0 . 34^ n o. 33CO0 
. 3 3 0 2 


0 


-0.01 


0.33 


0.01 




L i 0i 99 N i 0i 3 Mn 0> 3 Co 0 4 

o 2 


0 


-0.01 


0.4 


0 


ifci&^J l 


L i Mn0 2 


0 


0 


0 


-1 




Li 1. iNi 0) 45 Mn 0 . 4 5 0 2 


0. 1 


0. 1 


0 


0 


ttmm 3 


L i 0. 99N i 0. 2 5 M n 0 , 25 Co 0 

. 5 o 2 


0 


-0.01 


0.5 


0 




Li og9 Ni 0<2 Mn 0i2 Co 0 0 

o 2 


0 


-0.01 


0.6 


0 




L i 0. 9 9 N i 0. 2 5 M n 0. 7 5 0 2 


0 


-0.01 


0 


-0.5 




L 1 0. 9 9 N 1 0. eMn 0i 3 C 0 o ! 

o 2 


0 


-0.01 


0. 1 


0.3 


# * M 


L i N i o. 5 Mn 0 . 5 0 2 


0 


0 


0 


0 
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»^J1-10, Jt«EW2*«ktXJt«E<f!l6fc:o^Ttt, g*B<D£$te^@ 

10 6 6 ° ©ttHrtfc^ffi-r SHUfH-^iltfi, StrfBK a x «g «fc 5 t! 
-^cD^£%A£ 0 

±!b<d?-^ ^js^i, njs^j8, ^M^9, itmu^^mmM 

5 ©X*@5f/X>->*BI 1 ~® 5 £ LT^bfco 

1 8 0 tfifi:fe«ktf 4 4° #ifi©HlSf tf-^©St3¥3fiS I 18 £ 
15 J:^I 44 0lt (1 44 /I 18 ) 63° - 66° <D$BHK:#£ET£ 2 
#cd®#t tf-£cD[Hl#T^cDM0 a KlO^T$J£bfc{iI£S2 C^bfec 

fcfc, J«#J 1 © U ^£ A^#&£BHfc&tt#2S01 © CD £ «|g Jllljg 
W^tfi t) > £fcJt«Si50!l 3-5 fc<fctf##0>J<B U ^£ A^W&'&K 
ftttTfi, gffl©£$teJ;t), 6 3° ~6 6° cD|gH^tt3*^±cDIH 
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12 





x m m $r m 


(I4 4 /I 1 8 ) 


EStH 2 6 <D%k (Jt) 


mmmi 


1. 13 


0. 313 


mmm2 


1. 14 


0. 348 


mmM3 


1. 10 


0. 390 




1. 11 


0. 435 


MMWl 5 


1. 08 


0.510 


mmm6 


1.06 


0.555 




1.04 


0. 553 


mmms 


0.88 


0.672 




0. 83 


0. 700 




0.77 


0. 617 




0.99 


0. 625 


itmm 6 


0. 83 


0. 600 



0 ^ y ^ 0 . 2 1 ~ 7 <D U A^^-g-M'TbtlT^, 

fc£38&ft I 44/ I i*»0. 9-1. 2©ttHJC»0, #"3, [IlifT^ 

15 ©3t0ateO. 3°~0. 6 0 Of&Bfc&ofco 0. 2<y^0 

. 4 TfoZmMm 8 ~ 1 0 Tte, I 44 /I 1B »0. 7~l©$g|ST, 
0attO. 5 5°~0. 75° CDfgBTr ifc o fco 9!© 
fgffi^ &nnfcJt«E^ 2 cfecktXJttSf^ 6 *T I 44 / I 18 £&&0 a 
©V»Tn*>^±EttBB*JftW L/T* D > Jt&0! 3-5 ££t£##$JT« 

20 , BtrizEOcfc -5 fc, 6 3° ~ 6 6 0 ©ffiHK: 3 *a±©0Jf lf-^3&«#« 

o ^-©ism^^ 3 (c^bfco mfew*mtm*i:± o . 03g/c 

25 m 3 Ta&ofeo 
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* 3 



10 





(g/cm 3 ) 


mmmi 


4.74 




4. 72 




4. 68 




4.65 




4.62 




4.57 


nnm7 


4.75 




4.76 




4.80 




4.82 


Jtttfcl l 


4.20 




4.38 




4.83 




4.90 




4.46 


JtWJ6 


4.65 


# % w 


4. 61 



15 

.5 7 - 4. 8 2 g/cm 3 £&<3> ftfc, S«{fc^fi^«LfiJt, T&fr 
•£-0.015^x + a^0.01 5 T&SHJif!! 1, ^IS0!|2&J;O^ 
£fi#9 7 ~ 1 0 fcfc^T, MWm*4. 7 g/c m 3 &±<£>*£&11 £ & 
20 «37to 4»Tfc, TCiMTOlily^O. 2<y^0. 4 <h b fcHiWJ 
8-10m 4. 7 6g/cm 3 ^J:0lt)^MW^nfc o 

e>^<Bfc*rnfc«a^<z)j*^j2tt, 4. 5 g/cm 3 ^T£>/jN$&{iT 
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£ C T , it^^J 3 43 ck Jfc&fll 4 © U ^ <7 £ #J O^^^ 
. 1 g/ cm 3 i CoOj^iltl/TMl/fefefeTSir), 

10 /W>^-iUT©*U7s;ft^UT>2 0)li»l:, N-*^;i/ 
-2-bTPU F>&2 5 o-JMHBJq*, 6 o "Cfcijq&bTtfU 7 yfbl? 

15 * 5 *M£df977< h2 5IUMB£ilQ*., i^lTX7'J-tOi 
H^illfc. 2 0 Mmcoy^^n^AfgcoM®^^- 

$rbT> ¥^J?£#*1 9 0 ^rat|4 8 3mra, ffl. 5 4mm©MiEi 
20 ±B©«k'5te:UTfts«b)fclE*£, y^£A««k Dfc*£S&fflv>, 

t(Dfomik 1 : 3 ©Jg'fr&&t;:L i P F e & 1 . Omol/dm 3 0| 
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mAh/g) £J;W&#^fcD (mAh/cm 3 ) fc&gbfc-lgi 

bT^4(c^b^ 0 mmmi. mmms, mmms, vcmn& 



%4 



10 



15 





n m ® m 


(mAh/g) 


(mAh/ cm 3 ) 


mmmi 


148 


702 


mmm 2 


145 


684 


3 


143 


669 




141 


656 


^Mm 5 


139 


642 




136 


622 


mmm 7 


150 


713 


nmm 8 


152 


724 




153 


734 




153 


737 


tmm i 


70 


294 


Jttfc#J 2 


112 


491 



&M^ifann&T<D?Emtfoimr$> 0, 1 3 6 ~ 1 5 3 mAh/g t± 
20 ^unmnm^^brcf)^ &%mi, 2t«i 3 0mAh/gj^Tot 

(HMfU 11) 
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.92«M; A£Htt4. 5 MAS. #-#>79y*0. 5fffttt. 

PF,*1. 2mo l/dm , ©ift?»))pSffct)0^^, 600 

StfStoSOMJfcSs C (IEffi?g«>ft©SiS) / <HffiJg&ft©«ft) ] 
15 tel. 9il/&. 
(HJSM 1 2 ) 

IE«$7S£LT, HJS^Jl ©U^f A^#.*^»^»*7 011% 
, L i Co0 2 S3 OM«%©tiJ£T^£LT^fcC£^fcmjg0!| 
1 1 traftOH^T^TKzi^ftSfPULfc. 
20 (Jt«0H7)- • ~ 

-^WfcftfflSntV^L i Co0 8 fcJ;tfL i N i o 8 Co 0 , 2 0 2 
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®m\zMirz>i o oim z )m<Diikn®m<DW& mmmn^ (%) ) 

^5 



10 



m m 


i i « * i 


^ ffi iH j 


$ ^ (%) 






mMmi 


%mm i 


9 6 


9 7 


mmm 9 


9 8 


9 8 




i + l i c o o 2 


9 4 


9 6 




tttfeffl 6 


9 2 


8 7 


L i C o O 2 


8 8 


9 1 


L i N i o. a C o o. 2 0 2 


9 3 


9 0 



^!~>tlT^§L iCoO a **V>ttLiNi 0 . 8 C.o 0 . 2 O 2 ^MfSll 

HJfS^l 1 £H»J1 2<£>^?fe£2 C (1 2 0 OmA) Tffim 
fi#5 2 5mAht$ofcCWb, HJg^J 1 2 5 7 3 mA 
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(£MM 1 3) d-' 

&±mmistc£t)\Z, #f§BJT&, -jK5£L i 1 + x + a N i (1 _ x _ y + 
20 /2 Mn (1 _ x _ y _ fl) /2 M y 0 2 CfcfcU 0^x^0.05, -0.0 
5^x + a^0.05, 0^y^0.4T$.D> -0.1^(5^0.1 (fc 
fcU O^y^ 0 . 2 0Q££) Iftft- 0/2 4^^0. 2 4 (tcfcL 
, 0. 2<y^ 0 . 4CD<h£) T&oT, Mini, Cr, Fe, Co 
, Cu> Zn, A 1 , G e&ktfS n lUSA 
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- •• 8! $ ti) 46 H 

1. — $L^L i Hx + fl N i (1 _ x _ y + fl)/2 Mn (i- x - y - 5 )/2 M y° 
2 CfctffU 0^x^ 0.0 5, - 0.0 5 ^x + a^0.05, OSy 
5 ^0.4^*0, -0.1^5^0.1 (&£U O^y^O.20tf) 
Sfcfc- 0. 2 4^(5^0. 2 4 0. 2<y^0. 4©tt) 

T&^T, MttT i , Cr, Fe, Co, Cu> Zn, Al, Ge&«£ 

10 2. MKU3 i #A'&#fc'&»fc*>#, ^<ifeNi^i?/Mn§« 

nfcW** 1 ICE*® U ^IIHIIill. 
3. WIB— «!^fc*V>T, 0 <y ^ 0 . 4T&51i5j<:^ 1 fclBSfe® U 

15 4. luE— jR^K^ViT, 0. 2 <y ^ 0 . 4T&Stf$rg 1 fc8B« 

5. flJfB-HKiSfcfc^T, - 0. 0 1 5^x4- a^O. 0 1 5T?»5H 

6 . — $g^L i i + I + B N i (1 _ x _ y + a)/2 Mn (1 _ x _ y _ a)/2 M y O 
20 2 0^x^0.05, - 0 . 0 5 ^ x + a ^ 0 . 0 5 , 0^y 

^0.4T&0, -0.1^5^0.1 (fc)EU 0^y^0.2©tt) 
0 . 2 4^ 6 ^ 0 . 2 4 0. 2 < y ^ 0 . 4 CD t #) 

T&^T, MttTK Cr, Fe, Co, Cu, Zn, Al, Ge&J; 

25 TZ> U^^A^l^ttCil^T^oT, '>& < £ t> N i & J; 
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1+x + a Ni (1 _ x _ y + fl) /2 Mn (1 _ x _ y _ 5) /2 M y 0 2 (fcfcU 0^ 
5 x^O.0 5, - 0. 0 5^x+ a^O. 0 5, 0^y^0.4T£D> - 
0.1^(5^0.1 (fc£U 0^y^0.2(Dtt) £fctt-0.2 4^ 
(5^0.24 (fcfc'b, 0. 2<y^0 . 4<D£&) T35oT, M«T i 
, Cr, Fe, Co, Cu, Zn, Al, Ge^i^Sn^&feSi^ 

9. ffiSB-jRSfcfcWT, 0<y ^ 0 . 4T&3!fsl<^7 fc|B«0# 
15 7K-^«?fe 0 

10. WIB— jttiCfc*^T, 0. 2<y£ 0 .'4T*3fl»Jfc3l7 fclB 

11. fl&SB— JR^fcfc^T* - 0.015^x + a^0.015TSI) 
20 12. ftMBjE*&tt*#t, 'JffAtlf3/^Mft*tiSM4# 

o 

1 3. mniEmftmntMB&Mmwmvn&M c cesses© 

Kft) / (ftff«ttft®M) ) 1. 5-3. 5T»*i*H7fc 
25 f3«©#7K-^«m 0 

14. ffitzMMft^m^ v?v&£<&&%mm-rzc£tfvSM'fc7i 
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